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(57) Abstract 

Method and apparatus for sterilising a heat sensitive fluid, such as a fluid for peritoneal dialysis. The fluid is provided as a first 
heat sensitive component and a second less heat sensitive component The less heat sensitive component is heated to a temperature higher 
than a sterilising temperature. The two components are then mixed to thereby heat the first component and cool the second component. 
The heating of the first component is controlled to obtain a mixing temperature equal to the desired sterilising temperature. The mixed 
components are maintained at the sterilising temperature during a sterilisation time so that a sterilisation dose is obtained, whereafter the 
mixed components are cooled and delivered to a recipient Preferably, the method is performed on line with continuous flows of fluids 
whereby the heated second fluid flow component heats the first, possibly preheated, component to sterilising temperature. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


F! 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


„ Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


A2 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad. 


BA 


Bosnia and Herzegovina 


GB 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BD 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KB 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZVV 


Zimbabwe 


CI 


Cote d'Tvorrc 


KP 


Democratic People'* 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






C2 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


U 




SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 00/57928 



PCT/SEOO/00614 



TITLE 

Method and apparatus for sterilising a heat sensitive 

fluid 



10 FIELD OF INVENTION 

The present invention relates to a method and device for 
producing a sterile medical solution. More specifically, the 
invention relates to a method and device for producing a ster- 
ile medical solution comprising a heat sensitive component, 
15 such as glucose. 

Medical solutions intended for mammals, specifically for 
use in humans, are required to be sterile before being infused 
or applied to the mammal. 

One available method for sterilising a solution is to heat 
20 the solution to a sterilising temperature and to hold the 

solution at the sterilising temperature during a sterilising 
time. To obtain a sterile medical solution intended for infu- 
sion, the solution is normally heated in an autoclave to 121°C 
for 20 minutes to thereby produce said sterile medical solu- 
25 tion. After the sterilising time has elapsed, the solution 

should be cooled to a physiologically acceptable temperature 
before infusion. 

Known methods and apparatus for sterilising a solution are 
disclosed in for example GB 1450030, GB 1504334, GB 2034584 and 
30 US 5603894. These prior art publications describe the prepara- 
tion of a medical solution starting from tap water and produc- 
ing pure water via a reverse osmosis device, mixing a concen- 
trate with the pure water to produce a non-sterile medical 
solution, passing the non-sterile medical solution through an 
35 on-line autoclave and delivering the sterile medical solution 
to a recipient, such as a storage bag or a patient. 

In the prior art, the complete medical solution is first 
prepared in a non-sterile condition and then passes through an 
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autoclave. If the medical solution comprises heat sensitive 
components, these must not be exposed to too high a, tempera- 
ture. Normally, the temperature is increased up to the steril- 
ising temperature and the medical solution is maintained at the 
sterilising temperature for a sterilising time, if the tempera- 
ture is 121°C, which is normal in an autoclave, the sterilising 
time is 20 minutes to obtain a sterilising dose F 0 of 20 min- 
utes, see below for further details. Since the sterilising 
effect is approximately exponential, an increase of the tem- 
perature by 10°C means a lowering of the sterilising time -by 
ten times. If a sterilising temperature of 131°C is used, the 
sterilising time should be 2 minutes, and if a sterilising 
temperature of 141°C is used, the sterilising time should be 12 
seconds, in order to obtain a sterilising effect F 0 of 20 
minutes. 

If the medical solution comprises a heat sensitive compo- 
nent, like glucose, that component will deteriorate during the 
heat treatment. An example of a medical solution containing a 
heat sensitive component is dialysis fluid for peritoneal 
dialysis (PD) . The decomposition or heat deterioration starts 
at a much lower temperature than the sterilising temperature 
and is present also at room temperature. In order to safeguard 
the heat sensitive material, very short heating and cooling 
periods are desired so that the time/temperature profile be- 
comes more or less rectangular. This is of greater importance 
if high sterilising temperatures and short sterilisation times 
are used. 

It is known to produce sterile medical solutions by in- 
cluding the medical solution in a bag and placing the bag 
inclusive of the medical solution in an autoclave for heating 
and sterilisation. 

A variant of this method is described in WO 93/09820, in 
which the medical solution is divided in two portions, one 
comprising glucose at high concentration and the other compris- 
ing the rest of the solution. The double bag is heat sterilised 
in an autoclave. Shortly before use, the contents of the two 
chambers are mixed to produce the sterile medical solution. In 
this way, the heat sensitive component, glucose, can be auto- 
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claved under more appropriate conditions such as at a low pH of 
approximately pH=3.2 and at a high concentration of approxi- 
mately 50%, i.e. 500 g glucose per litre glucose solution. 

A variant of the same methods is described in WO 97/05852 
5 disclosing a three-chamber-bag, in which two of the chambers 
comprise glucose solution and the third chamber comprise the 
rest of the solution. The glucose chambers may also include 
ionic components like calcium, magnesium and sodium. 

A further variant is described in PCT patent application 
10 PCT/SE98/02146. 

In the afore mentioned concepts, the glucose portion is 
sterilised separately from the remaining portion of the solu- 
tion. However, in order to fully sterilise the large compart- 
ment, the small glucose compartment may be over sterilised 
15 resulting in deterioration of the heat sensitive component. A 

remedy for that problem is described in Swedish patent applica- 
tion SE 9803627-0/ filed at the Swedish Patent Office October 
23, 1998. 

The problem of deterioration of a substance during auto- 
claving is also recognised in other fields of use, such as the 
production of sterile milk products. In order to obtain a fast 
heating and cooling of the product, it is not sufficient to use 
heat transfer via a. heat transferring surface, like a heat 
exchanger. Instead, the product is mixed with steam at a prede- 
25 termined temperature and pressure to condense the steam in the 
milk product. The milk product is sterilised by retention in a 
holding zone for a certain time period and at a temperature of 
120 - 150°C, and is then transferred to a flash cooling step, 
in which water is evaporated in an evaporation chamber to 
rapidly cool the product. Such a process is described in, for 
example, WO 98/07328. 



20 



30 



DISCLOSURE OF INVENTION 

A first object of the present invention is to provide a 
35 method and device for producing a sterile medical solution 
having a gentle treatment of the heat sensitive component. 
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Another object of the present invention is to provide a 
method and device in which inexpensive heaters and heat ex- 
changers can be used. 

A third object of the present invention is to provide a 
5 method and device for sterilising a medical solution in which 
the time/temperature profile for heating the heat sensitive 
component is essentially rectangular. 

Thus, there is provided, according to the invention, a 
method of sterilising a heat sensitive fluid, comprising 
10 providing the fluid as a first heat sensitive component 

and a second less heat sensitive component; 

heating the second component to a first temperature higher 
than a predetermined sterilising temperature; 

mixing the first component with the second component to 
15 thereby heat the first component and cool the second component, 
whereby the mixed components obtain a mixing temperature, which 
is at least equal to said sterilising temperature; 

maintaining said mixed components at substantially said 
sterilising temperature during a sterilisation time so that a 
20 predetermined sterilisation dose is obtained; and 

delivering said mixed component to a recipient. 

Preferably, the first temperature is controlled to obtain 
a mixing temperature, which is at least equal to said sterilis- 
ing temperature. Moreover, it is preferred to cool the mixed 
25 components before delivery to said recipient. 

the first heat sensitive component may comprise glucose or 
a glucose polymer and the second less heat sensitive component 
may comprise water. More specifically the second component may 
include electrolytes, selected from the group of substances 
30 comprising: sodium chloride, calcium chloride, magnesium chlo- 
ride, potassium chloride, sodium bicarbonate and sodium lac- 
tate. 

It may be advantageous to preheat the first component. 
Normally, the temperature is above the boiling temperature at * 
35 normal atmospheric pressure and, thus, the first and second 
components are maintained at a high pressure sufficient to 
prevent boiling. 
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In an embodiment, the first and second components are 
provided as flows of fluid, whereby the flow rate of the second 
component may be larger than the flow rate of the first compo- 



nent 



In order to separate the flow rate determination from the 
pressurising means, the flow rates are determined with a pair 
of scales or a flow meter and the pressure is provided by a . 
separate pump. 

In one embodiment of the invention, the complex fluid is 
•divided in several fluid components, which are sterilised 
separately, as described above, and sequentially and then mixed 
to the complex fluid. This may be performed by providing 
sources of concentrated fluid components and pure water; pump- 
ing a first concentrated fluid from said sources of concen- 
trated fluids, to increase the pressure thereof; pumping pure 
water to increase the pressure thereof and heating said pure 
water to said first temperature; mixing said first concentrate 
and heated pure water and maintaining the mixed fluids at a 
sterilising temperature for a sterilising time to effect ster- 
ilisation; delivering said sterilised and diluted concentrate 
fluid to a recipient; repeating the above method steps for each 
of the concentrated fluid components, to provide the final 
complex fluid in the recipient. The concentrated fluid may be 
preheated before being mixed with the heated water, for example 
by a heat exchanger. by heat recovery from the sterilised fluid, 
which is cooled thereby. 

The second fluid may be preheated by heat recovery in a 
heat exchanger from the sterilised fluid, which is thereby 
cooled, and further heated to said first temperature by a 
separate heating device, such as an electric heater. The heat- 
ing device may be controlled by a temperature sensor positioned 
downstream of the maintaining step, to ensure that sterilising 
temperature is obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further objects, advantages and features of the invention 
will appear from the following detailed description of several 
embodiments shown on the drawings. 
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Fig. 1 is a schematic view of a first embodiment of a 
device for sterilising a heat sensitive fluid according to the 
invention. 

Fig. 2 is a schematic view similar to Fig. 1 of a second 
embodiment of a device according to the invention. 

Fig. 3 is a schematic view similar to Fig. 2 of a portion 
of a third embodiment of a device according to the invention. 

Fig. 4 is a cross-sectional view of a heat sterilisable ' 
connector used in the device according to Fig. 2. 

Fig. 5 is a schematic view similar to Fig. 1 of a third 
embodiment of the device according to the invention. 

Fig. 6 is a schematic view of a first embodiment of a 
cycler which may be connected to the device according to Fig. 2 
or 4 . . ' 

Fig. 7 is a time diagram of the fluid flows in the cycler 
according to Fig. 6. " 

Fig. 8 is a schematic view similar to Fig. 6 of a second 
embodiment of the cycler. 

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

The fluid to be sterilised comprises a first non-heat- 
sensitive portion and a second heat sensitive portion. Accord- 
ing to the invention, the two portions are delivered separately 
to the sterilising device into two separate inlets 1 and 2. 

With reference to Fig. 1, the first non-heat-sensitive 
component, which may comprise sodium chloride dissolved in 
water, is enclosed in a vessel 3 connected to the inlet 1. The 
second heat sensitive component, which may comprise glucose, is. 
enclosed in a vessel 4 connected to the inlet 2. The fluid 
components. are preferably provided at a temperature at which 
each component is relatively stable, such as room temperature. 

The first fluid portion from vessel 3 provided to inlet 1 
is impelled by a first pump 5 to a heater 6, in which the first 
fluid portion is heated to a first high temperature. The second 
fluid portion is impelled by a second pump 7 and mixed with the 
first fluid portion in a mixing point 8 arranged downstream of 
the heater 6. During the mixing, the second fluid portion is 
rapidly heated to a sterilising temperature, while the first 
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10 



fluid portion is cooled to the same sterilising temperature. 
The second fluid portion does not make direct contact with the 
heater surface and so damage is minimised. 

In order to promote rapid mixing, the fluids are impelled 
at such conditions that turbulent flow prevails at least after 
the mixing point 8. In addition, flow mixing means may be 
arranged in the flow path, such as at the mixing point 8 or in 
the flow path downstream of mixing point 8. Such flow mixing 
means may be flanges or wings in the flow path. 

The mixed fluid portions pass through a sterilising tube 
section 9 dimensioned to provide a predetermined resident or 
sterilising time for the mixed fluids at the sterilising tem- 
perature. The tube section may be insulated as indicated by box 
10 to maintain the mixed fluids at the sterilising temperature 
15 for the sterilising time. After the sterilising time, the mixed 
fluids are sterile, since the second fluid portion has been 
subjected to the sterilising temperature during a sterilising 
time and the first fluid portion has been exposed to a still 
higher temperature and still longer time, thus being overster- 
20 ilised. 

The sterilising dose is a function of temperature and time 
and is defined according to the formula: 



-) 



25 [ (T-12D/10 

10 dt 



30 in which 

F 0 = the sterilisation dose in minutes 
T = temperature 
t = time 

35 

If the sterilising temperature is 121°C and the time is 20 
minutes, a sterilisation dose of 20 minutes is obtained. If the 
sterilising temperature is 141°C and the time is 12 seconds, a 
sterilisation dose F 0 of 20 minutes is also obtained. A steril- 
40 ising dose F 0 of 20 minutes is considered sufficient, however, 
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in certain applications, a sterilising dose F 0 of 10 minutes or 
even lower may be sufficient. 

In the above example, the first fluid portion may comprise 
sodium chloride at a concentration of 150 mM, sodium lactate at 
a concentration of. 38,8 mM, magnesium chloride at a concentra- 
tion of 0,56 mM and calcium chloride at a concentration of 1,89 
mM. The second fluid portion may comprise glucose at a concen- 
tration of 40%, i.e. 400 g glucose per litre solution. The 
first fluid portion flow rate is 45 ml/min and the second fluid 
portion flow rate is 5 ml/min. The resulting mixture has the 
following composition: sodium chloride 135 mM, sodium lactate 
35 mM, magnesium chloride 0,5 mM, calcium chloride 1,7 mM and 
glucose 4%. The first fluid portion is heated from 20°C to 
155°C by the heater 6. The second fluid portion is heated from 
20°C to 141°C during mixing, while the first fluid portion is 
cooled from 155°C to 141°C. The resident or sterilising time is 
12 seconds resulting in a sterilising dose F 0 of 20 minutes. 
The resulting sterilised fluid mixture is cooled by a cooler 13 
and delivered to an outlet 11 and collected in a vessel 12. A 
pump 20 or other device may be arranged to control the flow to 
the vessel 12. The sterile fluid may be used as a peritoneal 
dialysis solution to be delivered to the peritoneal cavity of a 
patient. 

Other medical fluids may be produced by the device accord- 
ing to the invention, such as hemodialysis solutions, infusion 
solutions used in hemodiaf iltration or hemof iltration, replace- 
ment fluids for infusion in the blood, wound irrigation solu- 
tions, rinsing solutions etc. Moreover, nutrition solutions 
often comprises amino acids, which are heat sensitive, and 
glucose, which is heat sensitive, and cannot be sterilised 
together with amino acids. Certain drugs, such as. insulin, may 
be produced or included in a fluid administered to a patient, 
and the drug component may be heat sensitive. Certain medical 
fluids comprise peptides, proteins or fragments thereof, which 
normally are heat sensitive. Preservation fluids for blood 
component handling may also comprise heat sensitive components, 
at least glucose. In certain cases, glucose is replaced with or 
complemented with glucose polymers, di-sacharides, tri- 
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sacharides etc. Certain carboxylic acids are heat sensitive and 
may be included in such fluids. Solutions comprising calcium or 
magnesium ions and carbonate or bicarbonate ions may precipi- 
tate at exposure to a sterilising temperature, and need to be 
5 sterilised with the carbonate or bicarbonate separate from the 
calcium or magnesium containing solution. 

In order to control the above procedure, one or several 
temperature sensors are provided. A first temperature sensor 14 
may be arranged immediately downstream of the heater 6 to 

10 determine the temperature of the first fluid portion after 

heating. A second temperature sensor 15 may be arranged between 
the second inlet 2 and the mixing point 8 to determine the 
temperature of the second fluid before mixing. A third tempera- 
ture sensor 16 may be arranged downstream of the mixing point 

15 to determine the mixing temperature. A fourth temperature 

sensor may be arranged downstream of the sterilising section 9 
to determine the sterilising temperature. A fifth temperature 
sensor 18 may be arranged downstream of cooler 13 to determine 
the temperature of the fluid delivered to vessel 12. Not all of 

20 these five temperature sensors are needed so one or several 
thereof may be excluded. 

A control processor 19 may be arranged to control the 
sterilising device according to the invention. As shown in Fig. 
1, the five temperature sensors are connected to the processor 

25 as well as the pumps 5, 7 and 20 to provide measurements of the 
temperatures and flow rates. The pumps 5, 7 and 20 may be 
volumetric pumps also acting as flow meters. Alternatively, 
separate flow meters may be provided. The processor controls 
the heater 6 to provide the required temperature downstream of 

30 the heater, as measured by temperature sensor 14, to provide 
the sterilising temperature after mixing as measured by tem- 
perature sensors 16 and 17. The processor calculates the resi- 
dence time in the sterilising section 9 based on the flow rates 
of pumps 5 and 7 and the known volume of the sterilising sec- 

35 tion 9. Finally, the processor may determine the obtained 
sterilising dose F 0 . 
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The control processor 19 may obtain all necessary informa- 
tion in order to calculate the sterilising effect from the flow 
rates of pumps 5 and 7 and the temperature of sensor 17. 

As also shown in Fig. 1, the fluids provided to inlets 1 
5 and 2 may be preheated by preheaters 21 and/or 22. 

Since the sterilising apparatus shown in Fig. 1 is in- 
tended to heat the fluids to temperatures well above 100°C, it 
is required to keep the fluids from boiling. This may be done 
by enclosing the entire apparatus in an enclosure 23, as shown 
10 by broken lines in Fig. 1, and raising the pressure inside the 
enclosure to a pressure sufficient to prevent boiling, such as 
3-6 Bar absolute pressure. 

It is known that glucose decomposes when exposed to heat, 
and is thus a heat sensitive component of the fluid. Glucose 
15 also decomposes during storage. It is known that several fac- 
tors influence the decomposition of glucose, among which are 
pH, temperature, time, glucose concentration and mixing with 
certain ionic components . Glucose decomposes into components, 
some of which may be more or less toxic or are able to induce 
20 toxic reactions by including precursors for such reactions. If 
the resulting fluid is to be used as a medical fluid for. infu- 
sion into a human being or other mammal, the toxic components 
or precursors should be minimised. 

In order to sterilise the fluid it is necessary to expose 
25 the fluid to sterilising conditions. There are several methods 
available, such as heat sterilisation (autoclaving) , filter 
sterilisation and other methods. The present invention is 
limited to heat sterilisation. 

During heat sterilisation, it is known that decomposition 
30 of glucose can be minimised if glucose is sterilised during a 
short time at a high temperature. The rationale is that the 
decomposition reaction is less sensitive to high temperature 
than the sterilising reaction. 

In order to minimise the decomposition before sterilisa- 
35 tion, it is advantageous to store the fluid at a low pH and at 
a high concentration, which is suggested according to the 
invention. The pH may be from 2,6 - 5,0 and preferably pH=3,2. 
The concentration may be above 15% or above 20% with 40% - 50% 



WO 00/57928 



11 



PCT/SEOO/00614 



being preferred, calculated as weight of glucose per litre 
solution. 

The sterilisation may take place during a short time and 
at a pH of below about 5,5 and at a final dilution concentra- 
5 tion. It is believed that the short time is of greater impor- 
tance than the other factors for avoiding decomposition into 
toxic components of glucose during the sterilisation process. 

It is also recognised that glucose may decompose into 
precursors for AGE, advanced glucosylation end products. When a 

10 glucose solution comprising precursors for AGE contacts pro- 
teins in the body, a non-enzymatic reaction takes place result- 
ing in AGE formation. The long term effect of AGE is still not 
well known. Gentle heat sterilisation of glucose as suggested 
in the present invention is expected to reduce the level of 

15 glucose degradation products of the type of AGE precursors. 

An alternative embodiment of the invention is shown in 
Fig. 2. In this embodiment the sterilising device according to 
the invention is integrated in a PD monitor arranged to provide 
a PD solution to a patient. The PD solution is prepared from 

20 two concentrates provided in two concentrate bags 51 and 52 and 
connected to concentrate input connectors 56" and 57, and a 
supply of pure water, for example provided from a reverse 
osmosis RO-unit 53 connected to a water input connector 58 for 
connection to a potable water supply. The sterilised PD fluid 

25 is delivered to a PD cycler 55, which is 5 , in turn, connected to 
a PD fluid output connector 59 for delivery to the patient. 

Each of the three input connectors and the output connec- 
tor is arranged as a heat sterilisable connector device as 
shown in more details in Fig. 4. Such a heat sterilisable 

30 connector device 30 is described in WO 96/05883 and comprises a 
spike '31 opening into a bore 32 in a housing 33. The bore is 
arranged to receive a connector 35 connected to a vessel or 
bag, for example comprising the concentrate. The connector has 
a shape which is complementary to the bore, such as cylindri- 

35 cal, and may be inserted into the bore to seal the bore by 

means of an O-ring 37. The connector is further provided with a 
membrane 35a being pierceable by said spike 31. The connector 
35 is operable by a piston 39 to be pushed into the bore into a 
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first position, sealing the bore 32. The piston is operable by a 
motor 38 operating a screw and nut arrangement 38a or any ether 
suitable driving device like a pneumatically or hydraulically 
operated device. 

During operation, the connector 35 is inserted in the bore 
32 into co-operation with the O-ring 37. A rinsing, disinfect- 
ing and/or sterilising fluid is circulated through the spike 31 
into the bore 32 and out through a side opening 36 in the bore. 
The spike, bore and the membrane of the connector are thus 
rinsed, disinfected and/or sterilised. When the rinsing, disin- 
fecting and/or sterilising operation is finished, the piston 39 
pushes the connector 35 further into the bore 32 so that the 
spike 31 penetrates the membrane 35a to thereby establish a 
connection between the spike and the vessel connected to the 
connector 35. At the same time, the connector seals off the 
side opening 36 and an area around the spike 31. 

The connector device 30 may also be used without inserting 
a connector 35 by passing the piston 39 into the bore 32 into 
co-operation with the O-ring seal 37 to establish a flow path 
via spike 31 into side opening 36. 

Returning now to Fig. 2, each of the inputs 56, 57 and 58 
and the output 59 is arranged as a connector device 30 of Fig. 
4. Input 56 is arranged to connect a first concentrate bag 51 
to a first metering pump 60 and input 57 is arranged to connect 
a second concentrate bag 52 to a second metering pump 61. Input 
58 is connected to RO-unit 53 and a third pump 62 is arranged 
to pump pure water from RO-unit 53. 

Pumps 62 and 60 are driven to mix the concentrate from bag 
51 with pure water from RO-unit 53 to provide a desired concen- 
tration. A conductivity cell 63 may be arranged to measure the 
conductivity of the mixture and may control the pump 60 and/or 
62 to obtain the required conductivity and thus the desired 
concentration. Pump 62 is preferably driven to provide a con- 
stant flow of for example 54 ml/min and at the same time in- 
crease the pressure to 3 - 6 Bar absolute pressure to avoid 
boiling during sterilisation. The fluid provided so far is the 
first heat-insensitive fluid mentioned above. 
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The first fluid passes through a first heat exchanger 64 
comprising a primary circuit 64a for heating the first fluid 
for example from 20»C to 100°C. Then, the first fluid passes ' 
through a heater 65 such as an electric heater powered by an 
electric power supply 66 to heat the first fluid to a tempera- 
ture of 155°C. 

The second, heat sensitive, fluid from bag 52 is Dumped by 
pump 61, at a flow rate of 6 ml/min to a mixing point 67 imme- 
diately downstream of heater 65 to mix with. the first fluid 
The second fluid is thus rapidly heated from room temperature 
to a temperature of 141°C by being mixed with the hot first 
fluid, which at the same time cools down to 141°C. 

Then, the mixed fluids pass through a sterilising unit 68 
comprising a tube 68a of a length suitable for providing a 
residence time giving the required sterilising time, such as 12 
seconds. The tube is embedded in an insulating material 68b to 
minimise the temperature decrease during the residence time. 

Immediately downstream of the sterilising unit 68 is a 
temperature sensor 69, which controls the power supply 66 so 
that the temperature is the desired sterilising temperature, 
such as 141°C. 

Pump 61 is controlled to deliver the heat sensitive fluid 
in the amount desired. For example, if the heat sensitive fluid 
is glucose at a concentration of 40%, the flow rate should be 6 
ml/min to give a final concentration of 4% if the first flow 
rate is 54 ml/min. If a concentration of 1,5% is desired, the 
flow rate should be 2,1 ml/min and if a concentration of' 2, 5% 
should be obtained, the flow rate should be 3,6 ml/min. In'each 
case, the temperature sensor adjusts the power supply to heat 
the first fluid to a suitable temperature so that the sterilis- 
ing temperature is obtained. 

After the sterilising unit 68, the now sterilised fluid 
enters the secondary circuit 64b of the heat exchanger 64 to 
rapidly decrease the temperature of the sterilised fluid, for 
example to 60°C. Then, the sterilised fluid passes a flow 
restrictor 70 to decrease the pressure to close to atmospheric 
pressure. Preferably, the flow restrictor 70 is controlled by a 
pressure sensor 71, so that the pressure before the restrictor 
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is the desired pressure to prevent boiling, such as 6 Bar 
absolute pressure. 

From the flow restrictor 70, the sterilised fluid is 
delivered to the output 59, which is connected to a PD cycler 
55. A pressure relief valve 72 is arranged to connect the 
sterilised fluid to a waste 73 if the pressure of the fluid 
exceeds a predetermined value, such as 150 mmHg above atmos- 
pheric pressure. 

The PD cycler may be of the type described in WO 95/20985, 
comprising a pressure chamber. A disposable line set is con- 
nected between the outlet connector and the patient and com- 
prises a heater bag and a drain bag, a drain line and a supply 
line. The heater bag and a drain bag are arranged on a weighing 
device, such as a pair of scales. Four valves in a valve unit 
are arranged to operate on the drain and supply lines. Finally, 
the line set comprises a PD connector for connection to a 
catheter into the peritoneal cavity of the patient. The PD 
fluid from outlet 59 is supplied to the heater bag via the 
valve unit until the scales indicate that the heater bag has 
been filled to a predetermined volume, such as 3 litres. Then 
the patient is drained by exposing the pressure chamber to a 
subpressure to withdraw fluid in the peritoneal cavity of the 
patient out via the open valve unit into the drain bag. The 
combined weight of heater bag and drain bag is weighed and the 
drain phase is terminated when it is determined that the drain 
flow rate is below a predetermined limit or a drain time has 
elapsed. The drain flow rate is determined by means of the 
weighing device. Then, the pressure chamber is exposed to an 
overpressure and the valve unit is opened to allow the fresh 
sterilised PD fluid to flow into the peritoneal cavity of the 
patient. The flow rate and the delivered fluid volume is moni- 
tored and the fill phase is terminated when a desired fill 
volume has been delivered. The temperature of the heater bag is 
controlled by a heating device and temperature sensor so that 
the fluid delivered has a temperature of about 37°c. Finally, 
the drain bag is emptied to the waste by opening the valve unit 
and exposing the pressure chamber to an overpressure. 



WO 00/57928 



15 



PCT/SEOO/00614 



When the patient has been exposed to a fluid exchange as 
described above, the PD fluid is left in the peritoneal cavity 
for a dwell time until the next exchange cycle. During the 
dwell, the sterilising device provides new sterile fluid to the 
heater bag. It takes about 33 minutes to produce a fill volume 
of 2 litres if sterile fluid is produced at 60 ml/min. 

It may be desirable to include a cooler 82 after the flow 
restrictor 70 to further decrease the temperature before deliv- 
ering the fluid to the heater bag. The cooler may be a Peltier 
cooler or a heat exchanger of conventional design, using cold 
water or a cooling medium as heat energy absorption medium. A 
cooler 91, such as a Peltier cooler, may alternatively or 
additionally be placed after residence device 68 and before 
heat exchanger 64, in order to rapidly cool the heat sensitive 
mixture to a safe temperature, such as from 141°C to 120°C. In 
this way, the heat sensitive component is heated rapidly from 
room temperature to sterilisation temperature of 141°c at 
mixing point 67, is maintained at the sterilising temperature 
during 12 seconds by residence device 68 and is then rapidly 
cooled to 120°C by Peltier cooler 91 and then further cooled to 
room temperature in the slightly slower heat exchanger 64 

The sterilising device needs to be disinfected at suitable 
intervals, for example once per day or once per week. For that 
purpose, the side openings of the connector devices 56, 57, 58 
and 59 are used. The side opening 83 of RO inlet 58 is con- 
nected to the side opening 82 of outlet 59 via a line 84. The 
side opening 85 of first inlet 56 is" connected to the flow line 
86 between RO inlet 58 and the pump 62 via a line 87. The side 
opening 88 of second inlet 57 is connected to the line 89 
between heater 65 and sterilising unit 68 via a line 90. 

During disinfection, the sterilising device is filled with 
pure water obtained from the RO-unit. Then, connectors 57, 58 
and 59 are disconnected from the respective sources and the 
piston is arranged in the position in conjunction with the O- 
ring, in order to seal the bore 32 of the connector opening, 
see Fig. 4. 

. Thus, the RO-inlet connector 58 and the outlet connector 
59 are connected via line 84 and side openings 82 and 83. The 
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second inlet connector 57 is in the same position so that a 
circulating path is obtained via pump 61, line segment 39, line 
90, side opening 88 and inlet 57. A disinfecting solution is 
provided in a vessel connected to the first inlet 56. The 
disinfecting fluid may be sodium carbonate, citric acid or any 
other known disinfection fluid. Pumps 62 and 61 are operated to 
circulate the water in the circuits. Finally, pump 60 is oper- 
ated to infuse disinfection fluid into the water until a suffi- 
cient disinfectant concentration has been obtained. The surplus 
water is rejected via relief valve 72 to the waste 73. Pump 62 
circulates the disinfection fluid through the complete sterili- 
sation device and the outlet 59 is connected to the inlet 58 
via line 84 to complete the circuit. The disinfection fluid may 
be left in the machine until the next use. Before the next use, 
the machine is rinsed with pure water via inlet 58 from the 
source of RO-water. 

Descaling with citric acid or other descaling agent is 
performed in the same manner. 

In order to avoid dripping from the connectors, the inlet 
connectors 56, 57 and 58 and the outlet connector 59 are posi- 
tioned at the highest position of the flow path and at the same 
level . 

The machine may be emptied by opening all inlets 56, 57 
and 58 and the outlet 59 and by opening the relief valve 72, 
which is positioned at the lowest point of the flow path' and 
allowing air to enter all lines and devices. 

During chemical disinfection and/or descaling, the heater 
65 may be turned off or adjusted to heat the fluid to a low 
temperature. The flow restrictor 70 may be opened 

In heat sterilisation, the fluid in the entire circuit is 
heated to 121°C and circulated for at least 20 minutes to 
obtain sterilisation of the entire circuit. In this case, 
pressure relief valve 72 is operated to permit a pressure of 2 
Bar, thereby preventing boiling of the water in the circuit at 
121°C. 

The same or a similar procedure may be used for sterilis- 
ing the flow path of the sterilising device. The fluid circuit 
is arranged for a treatment with all connectors inserted in 
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respective' bore 32 in the non-engaged position. The circuit is 
full with water, which is circulated by pump 62. Flow, restric- 
tor 70 is opened and relief valve 72 is adjusted to a pressure 
of 2 - 3 Bar absolute pressure. First inlet connector 56 is 
operated to connect the vessel 51 to the circuit. Then, pump 60 
is operated to introduce some fluid (electrolyte fluid) in the 
circuit until the pressure reaches about 2 - 3 Bar absolute 
pressure. Since the fluid circuit is relatively non-compliant, 
the volume of fluid introduced is very small. Then, the heater 
is activated to heat the water present in the circuit to a 
temperature of 121°C and the circulation continues for 20 
minutes or longer, until sterilisation is obtained. Pump 61 is 
operated simultaneously to sterilise the circuit comprising 
inlet connector 57. 

After sterilisation has been obtained, RO inlet 58 is 
activated to connect RO-unit 53 to the circuit and at the same 
time disconnect bypass line 84. Pump 60 is stopped, and heater 
65 is activated. Flow restrictor 70 is activated and pressure 
relief valve 72 is adjusted to the normal value of 150 mmHg 
overpressure. Thus, sterile water is produced and delivered to 
the waste. 73 via relief valve. 72. Then, the second inlet is 
activated to connect vessel 52 and pumps 60 and 61 are operated 
to provide a PD fluid. When stable conditions are obtained, the 
outlet 59 is activated to deliver sterilised fluid to the 
heater bag. 

During the drain and fill phases of the PD cycler, the 
sterilising device may continue to produce PD fluid. However, 
since the valve unit is closed, the PD fluid produced is di- 
rected to the waste 73 via relief valve 72. Since the drain and 
fill phases may last up to 20 minutes or more, a considerable 
amount of PD fluid is wasted. To minimise such waste, pumps 60 
and 61 may be stopped during the periods when the heater bag is 
not being filled, and the sterilising device is only producing 
and wasting sterile water. 

The first and/or second concentrates may comprise the same 
substances or components as mentioned above, however, with the 
contents of the first vessel 51 concentrated by omitting some 
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of the water. The contents of the first vessel may be concen- 
trated for example 30 - 40 times. 

In an alternative embodiment, the PD fluid is intended to 
comprise bicarbonate instead of or in addition to lactate. 
Calcium cannot be included in the same vessel as bicarbonate, 
because of the risk of precipitation of calcium carbonate. In 
that case, the calcium chloride may be included in the second 
vessel 52 in a suitable concentration. The calcium concentra- 
tion will then be proportional to the glucose concentration, 
which may result in a calcium neutral PD fluid. Another advan- 
tage of including the calcium ions in the second vessel is that 
scaling of the pipe system is avoided before the mixing point 
67, and the requirement for descaling would decrease. 

Each of the sterilisable connectors may be replaced by a 
conventional connector device and a three way valve of conven- 
tional type, as shown in more detail in Fig. 3, which shows an 
alternative embodiment of the invention. 

Fig. 3 shows an alternative design of a mixing system 
delivering the mixed fluids in parallel through the residence 
device. Fig. 3 shows only the right-hand portion of Fig. 2 to 
the right of pump 62 and pressure sensor 70. The left-hand 
portion may be identical to the embodiment of Fig. 2. The same 
components as in Fig. 2 have received the same reference numer- 
als but adding 100 to the reference numbers. Thus, there is 
shown a heat exchanger 164 comprising a primary circuit 164a 
and a secondary circuit 164b and a pump device 164c. An elec- 
trolyte solution or pure water is conducted through line 189 
through heat exchanger primary circuit 164a and a second heater 
165, for example an electric heater controlled by a temperature 
sensor 169. 

A first bag 152a comprising a heat sensitive first compo- 
nent such as glucose is connected via a connector 192a to a 
three-way valve 157a. The first component passes from the 
three-way valve 157a to a pump 161a and further to a mixing 
point 167a, in which the first component is heated to 141°C by 
mixture with a heated electrolyte component, having a tempera- 
ture sufficient for promoting such heating by mixing, the 
temperature being for example 155°C. The mixing temperature is 
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controlled by a temperature sensor 169a, which operates a 
throttle valve 193a arranged before the mixing point 167a. By 
throttling the valve 193a, a sufficient flow rate for obtaining 
said temperature is adjusted. 
5 A second bag 152b. comprising a heat sensitive second 

component, such as amino acids, is connected via a connector 
192b to a three-way valve 157b. The second component passes 
from the three-way valve 157b to a pump 161b and further to a 
mixing point 167b, in which the second component is heated to 

10 141°C by mixture with a heated electrolyte component, having a 
temperature sufficient for promoting such heating by mixing, 
the temperature being for example 155°C. The mixing temperature 
is controlled by a temperature sensor 169b, which operates a 
throttle valve 193b arranged before the mixing point 167b. By 

15 throttling the valve 193b, a sufficient flow rate for obtaining 
said temperature is adjusted. 

The two heat sensitive components heated to sterilising 
temperature by mixture with the electrolyte component are 
handled in parallel in two separate lines 194a and 194b, which 

20 pass in parallel through the residence device 168, the pre- 

cooler 191, if present, and to heat exchanger secondary circuit 
164b. After cooling in the heat exchanger, the two fluids are 
mixed in a Y-connector 195 before entering the restriction 
device 70, see Fig. 2. The bags 152a and 152b are weighed and 

25 when a sufficient amount of fluid has been taken out from each 
bag, valve 157a and/or valve 157b are switched to stop the flow 
of first and/or second components from bags 152a, 152b, respec- 
tively. 

During sterilisation, the three-way valves 157a and 157b 
30 are connected according to the broken lines in Fig ; 3, in order 
to pass fluid, by means of pumps 161a and 161b in the fluid 
lines to and from the three-way valves 157a and 157b via lines 
190a and 190b. 

It is realised that more than two heat sensitive compo- 
.35 nents may be handled in parallel by adding further bags 152 and 
further lines 194. Of course, the same procedure may be adopted 
for components which are less heat sensitive, to obtain a 
simple system, whereby the electrolyte component may be re- 
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placed with pure water, and thus, the electrolytes may be added 
one by one or several at a time. 

A further alternative embodiment of the invention is shown 
in Fig. 5. From the left, the device 100 comprises a connector 
101 for connection to a source of pure water, such as an RO- 
unit (not shown) . The device further comprises three concen- 
trate connectors 102, 103 and 104, which may be integrated into 
a single connector device. Each of connectors 102, 103 and 104 
connects to a vessel or bag comprising a concentrate, such as a 
first bag 105 comprising a concentrated bicarbonate solution, a 
second bag 106 comprising electrolytes, such as sodium chlo- • 
ride, magnesium chloride, calcium chloride, and sodium lactate, 
at a predetermined pH, and a third bag 107 comprising glucose 
at a concentration of 50%. Of course, the bags include the 
components necessary for the final solution as discussed in 
more detail below. The components are divided into separate 
bags because they cannot be stored together or they cannot be 
sterilised together, or for other reasons. 

Alternatively, one or more of the vessels or bags 105, 
106, 107 may comprise a powder instead of a solution in which 
case appropriate dissolution means may be provided. 

Conveniently, the bags 105, 106 and 107 are combined into 
a single assembly. The combined assembly of bags is attached to 
a weighing device 108, so that the weight of the assembly is 
monitored. The connectors 102, 103 and 104 are attached to the 
ends of flexible tubes of PVC or other suitable pliable mate- 
rial, so that the connectors and tubes do not significantly 
influence the weight of the assembly. 

The RO inlet connector 101 is connected to a line system 
including a first inlet line 109. Inlet line 109 is provided 
with a inlet valve 110, to isolate the device 100 if required. 
In-let valve 110 is normally closed, but is opened upon activa- 
tion by a control device 111 shown by broken lines. The control 
device may be a computer or microprocessor or any other control 
device. Normally, it is the control computer of the complete 
device. 

Inlet line 109 further comprises a heater 112 and a tem- 
perature sensor 113, which operate together to adjust the 
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temperature of incoming pure water to a predetermined tempera- 
ture of e.g. 25°C, in order to make the device independent of 
incoming water temperature. 

Inlet line 109 further comprises a flow meter 114 for 
measuring the complete inlet flow through inlet connector 101, 
for a purpose to be described later. 

Downstream of flow meter 114, inlet line 109 is divided 
into water line 115 and concentrate line 116. Water line 115 
comprises a first pump 117 for increasing the pressure of the 
water in water line 115 downstream of the pump to a pressure of 
2 - 6 Bar absolute pressure. The pressure is measured by a 
first pressure sensor 118 and monitored by a second pressure 
sensor 119. The first pressure sensor 118 is connected to the 
control system of computer 111, while the second pressure 
sensor 119 is connected to a parallel supervising system for 
ensuring the safety of the system. Several of the sensors are 
duplicated in this manner to provide independent data to the 
supervisory system or processor, even if not explicitly indi- 
cated in the drawings. 

Water line 115 further comprises a valve 120 and a primary 
circuit of a heat exchanger 121. In the heat exchanger, the 
water in water line 115 is heated from about 25°C to about 
131-C in heat exchanger 121, at a flow of about 120 ml/min. The 
temperature of the heated water is monitored by temperature 
sensor 122. Finally, water line 115 comprises a second heater 
123, for heating the water to a still higher temperature, such 
as about 145-C. The hot water is delivered to a mixing point 
124. 

In concentrate line 116, there is a valve 125 for connect- 
ing the normally closed concentrate line 116 to water line 115. 
Further downstream, concentrate line 116 comprises three con- 
centrate valves 126, 127 and 128 and a reversible second pump 
129. The second pump 129 is arranged to withdraw concentrate 
solutions or fluids from any one of concentrate bags 105, 106 
or 107 depending on the positions of valves 126, 127 and' 128. 
The second pump 129 further increases the pressure of the fluid 
in concentrate line 116 to a pressure of 2 - 6 Bar absolute 
pressure. 
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Downstream of second pump 129 is arranged a. valve 130, and 
therefrom, the concentrate fluid is delivered to a second 
primary circuit of heat exchanger 121 in order to preheat the 
concentrate solution from e.g. room temperature to about 131°C. 
5 From heat exchanger 121, the concentrate solution is delivered 
to mixing point 124. 

Upstream of the second pump 129 is arranged a temperature 
sensor 131 for measuring the temperature of the incoming con- 
centrate fluid, and downstream of the second pump is arranged a 

10 pressure sensor 132 for measuring that sufficient pressure has 
been obtained. As indicated before, these sensors may be dupli- 
cated for supervisory purposes. 

In mixing point 124, the two fluid lines 115 and 116 are 
joined so that the heated water in line 115 is mixed with 

15 preheated concentrate in line 116, and the mixture is trans- 
ported in mixed fluid line 133. Mixed fluid line 133 comprises 
a residence device 134, normally being a length of tube of a 
length to produce a predetermined residence time at a predeter- 
mined rate of flow to effect sterilisation of the fluid in the 

20 residence device 134. The residence device 134 is preceded by a 
temperature sensor 135 and followed by a temperature sensor 
136. These temperature sensors control the heater 123 to ensure 
that sterilising conditions are obtained in the residence 
device 134, such as a minimum temperature of 141°C for 12 

25 seconds. 

From the residence device 134, the sterilised and mixed 
fluid is passed to the secondary circuit of heat exchanger 121, 
at a temperature of approximately 141°C. The sterilised fluid 
is rapidly cooled to about 37°C. 

30 Downstream of the heat exchanger, mixed fluid line 133 

comprises sterilised fluid at a temperature suitable to be 
delivered to a patient or a storage bag. The temperature is 
monitored by a temperature sensor 137. Finally, a valve 138 
directs, when activated, the fluid to an outlet connector 139, 

35 via a restrictor device 140, for lowering the pressure to 
atmospheric pressure. 

The restrictor device may be a small hole in a piece of 
metal, the hole being dimensioned to reduce the pressure from 6 
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Bar to 1 3ar at the desired flow rate of, for example, 140 
ml/min. An alternative design would be to use a controllable 
throttle valve, which is controlled by the processor in depend- 
ence of pressure sensor readings. A third, alternative would be 
5 to use a throttle device or the pressure relief type, which 
adjust the differential pressure over the throttle device to a 
predetermined pressure drop of, for example, 5 Bar. A fourth 
alternative would be to use a throttle device controlled to 
deliver fluid at an output pressure of no more than a predeter- 

10 mined safe pressure of, for example, 1.25 Bar, in which case 
the pumps are operated to ensure that the pressure before the 
throttle device is sufficiently high, for example 6 Bar. 

It is noted that the on-line autoclave as described is 
always operated at a predetermined minimal flow rate of not 

15 less than a predetermined flow rate, for example 120 ml/min, in 
order to ensure that the autoclave is maintained sterile. As 
soon as the flow rate drops below said predetermined minimum 
flow rate, the sterility conditions may be hampered or the 
autoclave may not be controlled to operate at proper tempera- 

20 tures. The autoclave may be designed to operate different flow 
rates above said minimum flow rate. In order to always maintain 
a minimal flow rate, any excess fluid produced is sacrificed to 
the waste. 

If the mixed and sterilised fluid cannot be delivered out 
25 via the output connector 139, a valve 141 is activated to 
deliver the fluid to a sump or waste via a waste line 142. 
Waste line 142 further comprises a primary circuit of a second 
heat exchanger 143, a pressure sensor 144, a restrictor device 
145 and a valve 146 until the fluid is delivered to the waste 
30 147. A temperature sensor 148 arranged upstream of heat ex- 
changer 143 and another temperature sensor 149 arranged down- 
stream of valve 146 are used to measure the temperatures of the 
waste fluid. 

The device according to Fig. 5 may be operated in differ- 
35 ent modes. One mode of operation will be described below, 
namely sequential delivery of the components of the final 
fluid. It is, however, understood that the device may operate 
as described in connection with Fig. 2 as well. 
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In the sequential operation mode, water is first delivered 
in inlet line 109 at a constant rate of 120 ml/min from inlet 
connector 101, via flow meter 114 f in which the flow rate is 
monitored, and via water line 115 and via first pump 117 to 
raise the pressure so that the boiling temperature of the fluid 
is above the temperature anywhere in the circuit. If the maxi- 
mum temperature is about 150°C, the pressure should be above 
4.8 Bar or preferably about 6 Bar absolute pressure. The exact 
pressure is dependent oh the adjustment and operation of re- 
striction device 140. The water further passes the mixing point 
124 and enters the mixed fluid line 133 and reaches valve 138, 
which directs the flow to waste line 142, via valve 141 and 
further to the sump. The outlet connector 139 is connected to a 
recipient, normally a bag, such as a heater bag described 
below. 

When all conditions are checked and the device delivers 
sterilised water, valve 138 is switched to direct the steril- 
ised water to the outlet connector 139 via restrictor 140. 

Substantially at the same time, or shortly thereafter, 
valve 127 in concentrate line 116 is opened and concentrate 
pump 129 is activated, with valve 130 in an open condition, to 
pump concentrate fluid from electrolyte bag 106, via heat 
exchanger 121 to mixing point 124. The concentrate pump 130 is 
operated to provide a flow rate of approximately 20 ml/min. At 
the same time, the weight of the concentrate assembly is moni- 
tored by weighing device 108. If the intention is to provide 1 
litre of final solution and the concentrate fluid in bag 106 
has a concentration of 1:40, the flow is continued for about 1 
minute and 15 seconds, until the weighing device indicate that 
a volume of 25 ml has left the bag 106, whereby 25 ml is the 
amount required from concentrate bag in 1 litre of final fluid 
(1:40). 

Then, valve 127 is switched off and valve 125 is opened 
for a short time, such as 15 seconds, to rinse the concentrate 
line 116. 

For including the second concentrate, which may be glu- 
cose, bag 107 is connected to the concentrate pump by closing 
valve 125 and opening valve 128. If the glucose concentrate 
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fluid has a concentration of 50%, the concentrate pump is 
driven 1 minute per percent concentration to be required in the 
final fluid at 20 ml/min. If 4% is required, which is the 
maximum contemplated for a PD fluid, the glucose concentrate is 
5 dosed in 4 minutes. 

After this step, the concentrate line 116 is again rinsed 
with water, for example for 15 seconds. 

Thereafter, the bicarbonate bag 105 is connected. The 
bicarbonate is normally stored at a concentration of about 1000 

10 mmol/1. First, valve 125 is closed and valve 126 is opened so 
that concentrate pump 130 pumps bicarbonate fluid out of bag 
105. The flow rate may be the same, 20 ml/min, and the mixing 
and sterilisation of bicarbonate fluid is discontinued when the 
weighing device determines that the required quantity has been 

15 removed from bag 105 . If the final solution should contain 15 

mmol/1, the concentrate pump is operated for 45 seconds to take 
15 ml of concentrated bicarbonate solution out of bag 105. 

Finally, the concentrate line is rinsed once again and 
water is delivered to the outlet connector, until the final 

20 volume of fluid has been delivered to the bag connected at the 
outlet connector, which is determined by flow meter 114 in 
combination with the weight losses measured by weighing device 
108 and calculated into volumes by computer 111, taking into 
account the different densities of the concentrate fluids. 

25 This final filling of water also means that the mix of 

fluid in the bag connected to the outlet connector is agitated 
and mixed thoroughly. ; 

During the complete sterilisation process described above, 
valves 138 and' 141 are maintained in the same position direct- 

30 ing all fluid to the outlet connector 139. Thus, all fluid 

produced is delivered to the receiver, thereby minimising the 
time required for the preparation of the complete fluid. 

In the example above, 1 litre of final solution has been 
prepared, but in PD it is more normal that 2 litres are gener- 

35 ated each time, or any other volume as required by the user. 

It is contemplated that the concentrate fluid bags may 
include concentrate fluid required for a final fluid volume of 
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12 - 25 litres or more if required. Then, the above sequence is 
repeated for each batch of 2 litres to prepare. 

In certain applications for PD, bicarbonate is not used, 
but lactate is used as the sole buffer. In that case, the third 
5 bag in the concentrate assembly is unnecessary, and only two 
bags may be used. In that case, valve 126 is always closed. 

To prepare one. batch of 1 litre (1,~5% glucose concentra- 
tion), takes about 7 minutes and 45 seconds, supposing that the 
RO unit delivers pure water at 120 ml/min and 25 ml electro- 

10 lytes, 15 ml bicarbonate and 30 ml glucose are used. Thus, the 
waiting time between each PD exchange of about 2 litres has to 
be more than 15,5 minutes. This might be limiting in some 
circumstances as appears from an explanation of the drain and 
fill phases of a PD treatment below. 

15 In Fig. 6 is schematically shown a PD cycler 200 intended 

to be used in the present invention. The PD cycler, comprises a 
pressure chamber 201 enclosing a heater bag 202 and a waste bag 
203. The heater bag 202 is connected to the outlet connector 
139 of fluid sterilisation device 100 of Fig. 5 for receiving a 

20 fresh sterilised fluid for introduction into heater bag 202. 

Heater bag 202 is connected with connector 139 via a first tube 
204 ending with a connector 205 mating with connector 139 and 
comprising a valve 206. A second tube 207 connects heater bag 

202 with a connector 208 to a patient (not shown) and the 

25 second tube 207 is controlled by a second valve 209. A third 
tube 210 connects the patient connector 208 to the* drain bag 

203 via a third valve 211. Finally, a fourth tube 212 connects 
drain bag 203 with a waste line 213 via a valve 214. Heater bag 
202 and drain bag 203 rest on scales 215 which monitor the 

30 combined weight of the two bags. 

The operation of the PD cycler as schematically disclosed 
in Fig. 6, appears from the diagram of Fig. 7. The diagram 
indicates the fluid volumes of the heater bag and drain bag 
. during the different phases. 
35 After priming, which is more closely described below, the 

first phase of the treatment is a drain phase, at the start of 
which the heater bag is full of fluid, normally about 2,4 
litres, and the drain bag is empty. The patient is connected 
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and the third valve 211 is. opened and a subpressure is exerted 
"in pressure chamber 201. Fluid is withdrawn from the patient 
into drain bag 203 at a flow rate depending on the patient and 
the subpressure,. normally from 150 - 300 ml/min. When the 
peritoneal cavity of the patient is almost empty, which may be 
indicated by a decrease of the drain flow as measured by the 
scales 215, the drain phase is terminated. The drain phase is 
normally 7-10 minutes. 

The second phase is a fill phase, in which the peritoneal 
cavity of the patient is filled with fresh fluid contained in 
heater bag 202. An overpressure is exerted in pressure chamber 
201 and valve 209 is opened, while the other valves are closed. 
The fill flow rate depends on the patient and the overpressure 
and may be 150 ml/min. The fill phase is normally 10 -15 
minutes. 

The third phase is the empty drain bag phase, in which an 
overpressure is exerted in the pressure chamber 201 and valve 
214 is open. The fluid in the drain bag is directed to a waste 
line 213. The volumes are always monitored by the scales 215. 
The third phase may be about 2 minutes, since a high overpres- 
sure may be used and the flow restriction is minimal. 

The fourth phase is heater bag fill with valve 206 open. 
In this case, normally a subpressure is exerted in the pressure 
chamber 201. Fluid is received from the sterilising device 100 
connected to connector 205 at a flow rate of about 120 ml/min. 
The fourth phase is normally 15 - 17 minutes. 

Thus, a complete cycle is 34 - 44 minutes. During a night 
treatment of 8 hours, it is possible to exchange 22 - 28 
litres, in batches of 2 litres. 

If it is desired to increase the fluid volume further, the 
times in the different phases have to be shortened. It is noted 
that the heater bag fill time of 15 - 17 minutes could be 
shortened by increasing the flow rate of fluid from steriliser 
100. However, increasing the flow rate means considerable cost 
increases. 

Instead it is noted that the flow rate of the fluid deliv- 
ered from steriliser 100 is monitored by the steriliser by flow 
meter 114 and weighing device 108. Thus, it is possible to fill 
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the heater bag during {part of) the drain cycle as indicated by 
the broken line 216 in Fig. 7. This is done by opening valve 
211 during the heater bag fill phase, before the heater bag 
fill phase is terminated, such as 10 minutes in advance. If the 
drain phase is terminated before the heater bag is filled,, the 
drain phase has to be continued until the heater bag filling is 
completed. However, it is no drawback to continue the drain 
phase longer, since that only results in some. further fluid 
being drained, which normally is an advantage. Since the flow 
from the steriliser is known, the PD cycler still has full 
control of the flow by using the reading from the scales and 
subtracting the inflow from the steriliser. In this way, almost 
the complete drain phase can be saved in the cycle time, i.e. 
up to 10 minutes. 

Another way of saving time is to fill the heater bag 
during the empty drain bag phase. It is recognised that the 
pressure chamber needs to have an overpressure to empty the 
drain bag. However, the sterilising device is able to deliver 
sterilised fluid under a slight overpressure. Thus, if valve 
214 is open to pass fluid to the waste and valve 206 is open to 
allow fluid to enter the heater bag, and if there is an over- 
pressure inside the pressure chamber, the heater bag may be 
filled during the empty drain phase. Moreover, the pressure 
does not need to be reversed during the rest of the heater bag 
fill cycle, which normally is considerably longer than the 
empty drain bag phase. In this operation mode, it. is still 
possible to keep accurate control over the ultrafiltration, 
since the volume of fluid drained from the patient and the 
volume of fluid filled into the patient are under full control 
of the mass balance device 215. 

If the cycle time needs to be further shortened, that is 
possible by the addition of a storage, bag in the line set as 
indicated in Fig. 8. It is noted that the steriliser has to 
direct the sterilised fluid to the waste 147 during the second 
phase filling the patient, when valve 206 is closed, as well 
under the third phase emptying the drain bag. 

In Fig. 8, the same components as in Fig. 6 have received 
the same reference numeral starting with 3 instead of 2. The 
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inlet tube 304 is provided with a branch line 316 ending in a 
storage bag 317. When valve 306 is closed during the first, 
second and third phase, the steriliser 100 delivers PD solution 
into storage bag 317 via tube 316. The heater bag 302 may then 
5 be filled much faster from the storage bag 317 compared to the 
embodiment of Fig. 6. Thus, the heater bag fill phase may be 
reduced to 2 minutes or less. The efficiency of the complete 
device becomes dependent only on the cycler and its capacity to 
drain and fill the patient. The surplus time is merely 4 min- 

10 utes, 2 minutes for emptying of the drain bag and 2 minutes for 
filling the heater bag. The procedure has to be controlled if 
the steriliser is operated in the sequential mode as described 
in connection with Fig. 5, since the filling of heater bag has 
to start only when the concentrations are correct in storage 

15 bag 317, i.e. after the completion of a complete fill cycle 
from the steriliser. 

The storage bag may also be used as an entry point for 
addition of medicaments or other additions, like insulin, 
antibiotic drugs, potassium chloride etc. 

20 It is recognised that the PD solution produced according 

to the steriliser in Fig. 5 will produce sterile bicarbonate 
fluid and enter it in the storage bag 317, and then produce 
sterile glucose solution and subsequently enter that in the 
storage bag 317. Since the glucose fluid has a low pH, some of 

25 the bicarbonate will react and form carbon dioxide, which may 
be released as a gas. Thus, storage bag 317 is provided with a 
valve and tube arrangement 318 to indicate when there is sur- 
plus gas in the storage bag 317 and expel it to the atmosphere. 
Another means for doing the same would be to include a sterile 

30 filter or hydrophobic filter at the top of storage bag 317. The 
gas may be expelled in a time interval when outlet valves 138 
and 140 are opened (the position shown in Fig. 5) and pressure 
chamber 301 has an overpressure and valve 306 is open to exert 
an overpressure into storage bag 317 and expel gas therein. 

35 In the above example indicated in connection with Fig. 5, 

the bicarbonate concentrate was sterilised at a concentration 
of about 140 mmol/litre (1000x20/14 0) . However, there is a risk 
that carbon dioxide is formed during heat sterilisation at such 
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a concentration, and thus, the concentrate pump may be operated 
at a lower speed during sterilisation of bicarbonate fluid. 

In Fig. 5, the concentrate fluid is preheated to quite a 
high temperature. This is performed in an efficient heat ex- 
5 changer 121 in which the heating fluid is the final sterilised 
fluid in the secondary circuit of the heat exchanger. Thus, the 
heat exchanger cannot have any point with higher temperature 
than the sterilising temperature, and decomposition of the heat 
sensitive component is minimised. The further heating to the 

10 final sterilisation temperature, i.e. from about 131°C to about 
141°C takes place by the method of mixing with a fluid having a 
slightly higher temperature. Thus, the heat sensitive fluid 
component is never exposed to harsh conditions, such as hot 
points having excessive high temperatures, as may appear in an 

15 electric heater 123. Thus, favourable conditions for less 

formation of degradation products are obtained. The temperature 
difference between the primary and secondary circuits of the 
heat exchanger is about 10°C, which is possible to obtain 
without excessive long residence times in the heat exchanger. 

20 In Fig. 5, there is a circuit not previously described for 

sterilising the equipment before use. In water line 115, a 
parallel circuit to valve 120 and heat exchanger 121 is ar- 
ranged comprising valve 150 and the primary circuit of heat 
exchanger 143. When heat disinfection of the complete steril- 

25 iser 100 is to be performed before a treatment, valve 120 is 
closed, valve 150 is opened and heater 123 is operated. The 
water passes from pump 117 via valve 150 to heat exchanger 143 
and further to heater 123 to be heated to a temperature of, for 
example, 141°C. The hot water passes heat exchanger 121 but is 

30 not cooled appreciably since the primary circuit of exchanger 
121 is disconnected and has no flow. The hot water after heat 
exchanger 121 passes through line 133 and via valves 138 and 
141 to heat exchanger 143 to give off its heat to the water, 
passing at the primary side thereof. Finally, the water is 

35 discharged to the waste via restrictor device 145, which lowers 
the pressure from about 2-6 Bar to atmospheric pressure. 

Thus, the on-line autoclave is self -sterilised and is 
ready for producing PD fluids. The' self -sterilising step may. 
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be performed in about 30 minutes and is initiated under program 
control to happen shortly before the start of a PD treatment, 
which is scheduled in advance by a patient. When the self- 
sterilisation process is ready, the machine awaits the arrival 
5 of the pa~ lent, which connects a disposable set, such as set 
200 or 300 to the outlet connector 139. Then, the device pro- 
duces a quantity of sterile treatment fluid into heater bag. 
However, before the patient is connected to connector 208, the 
tubes should be filled with fluid to displace the air therein. 

10 This is performed by attaching the connector 208 to a hook or 
attachment device on the cycler at approximately the same level 
as the heater bag. Then, valve 209 is opened to allow fluid to 
flow through cube 207 to patient connector 208. Then, the 
connector 208 is ready for connection to the patient. 

15 It is appreciated that the priming procedure described 

above takes about 20 minutes, since the heater bag must be 
filled with 2 litres of solution. If this time is too long for 
the patient to wait, it is possible to perform a partial fill 
of the heater bag with for example 5 dl solution produced in 4 

20 minutes, and use this volume of fluid to prime the tubes and 

displace the air. Then, the patient may connect himself to the 
connector 208 already after 4 minutes of priming and then go to 
bed, while the machine produces the first fill volume. It is 
noted that there is normally 2 - 4 dl of solution left. in the 

25 heater bag, in order to prevent complete emptying of the heater 
bag, because there is often some air or gas in the top of the 
heater bag, which should not be delivered to the patient. The 
first priming solution may be different from the treatment 
solution, for example comprising physiological sodium chloride. 

30 Several embodiments of the invention have been described 

above with reference to the enclosed drawings. It will be 
realised that the different features may be combined in differ- 
ent manners than indicated and such other combinations -are 
within the scope of the invention. The invention is only lim- 

35 ited by the appended patent claims. 
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PATENT CLAIMS 

5 1. A method of sterilising a heat sensitive fluid, 

characterised by: 

providing the fluid as a first component, which is heat 
sensitive, and a second component; 

heating the second component to a first temperature higher 
10 than a predetermined sterilising temperature; 

mixing the first component with the second component to 
thereby heat the first component and cool the second component, 
whereby the mixed components obtain a mixing temperature, which 
is at least equal to said sterilising temperature; 
15 maintaining said mixed components at substantially said 

sterilising temperature during a sterilisation time so that a 
predetermined sterilisation dose is obtained; and 

delivering said mixed component to a recipient. 

2. A method as claimed in claim 1, characterised by 

20 controlling the step of heating to the first temperature 

to obtain a mixing temperature, which is at least equal to said 
sterilising temperature. 

3. A method as claimed in claim 1 or 2, characterised by 
cooling said mixed components before delivery to said 

25 recipient. 

4. A method as claimed in claim 1, 2 or .3,. characterised 
in that said first component comprises glucose or a glucose 
polymer. 

5. A method as claimed in any one of the previous claims, 
30 characterised in that said second component comprises water. 

6. A method as claimed in claim 5, characterised in that 
said second less heat sensitive component comprises water and 
includes electrolytes, selected from the group of substances 
comprising: sodium chloride, calcium chloride, magnesium chlo- 

35 ride, potassium chloride, sodium bicarbonate and sodium lac- 
tate. 

7. A method as claimed in any one of the previous claims, 
characterised in that said first component is preheated. 
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8. A method as claimed in any one of the previous claims, 
characterised in than said first and second components are 
maintained at a high pressure sufficient to prevent boiling of 
the fluids. 

5 9 . a method as claimed in any one of the previous claims, 

characterised in that said first and second components are 
provided as flows of fluid. 

10. A method as claimed in claim 9, characterised in that 
the flow rate of the second component is larger than the flow 

10 rate of the first component. 

11. A method as claimed in claim 9 or 10, characterised by 
determining the flow rate with a weighing device or a flow 
meter and increasing the pressure by a pump. 

12. A method as claimed in any one of claims 9 - 11, 
characterised by sequentially sterilising several fluid compo- 
nents of a complex fluid. 

13. A method as claimed in claim 12, characterised by 
providing sources of concentrated fluid components and 

pure water; 

pumping a first concentrated fluid from said sources of 
concentrated fluids, to increase the pressure thereof; 

pumping pure water to increase the pressure thereof and 
heating said pure water to said first temperature; 

mixing said first concentrate and heated pure water and 
25 maintaining the mixed fluids at a sterilising temperature for a 
sterilising time to effect sterilisation; 

delivering said sterilised and diluted concentrate fluid 
to a recipient; 

repeating the above method steps for each of the concen- 
trated fluid components, to provide the final complex fluid in 
the recipient . 

14. A method as claimed in claim 13, characterised in that 
said concentrated fluid is preheated before being mixed with 
the heated water. 

35 15. A method as claimed in claim 14, characterised in that 

said preheating is performed in a heat exchanger by heat recov- 
ery from the sterilised fluid, which is cooled thereby. 
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16. A method as claimed in claim 15, characterised in that 
said second fluid is first preheated by heat recovery in a heat 
exchanger from the sterilised fluid, which is thereby cooled, 
and is further heated to said first temperature by a separate 
heating device, such as an electric heater. 

17. A method as claimed in claim 16, characterised in that 
said further heating by a separate heating device is controlled 
by a temperature sensor positioned downstream of the maintain- 
ing step, to ensure that sterilising temperature is obtained. 

18. A method as claimed in any one of the previous claims, 
characterised by dissolving at least one powdered substance in 
water to form at least one of the first and second components. 

19. A method as claimed in any one of the previous claims, 
characterised by. providing the fluid as third component, which 
is heat sensitive, in addition to said first and second compo- 
nents. 

20. A method as claimed in claim 19, characterised in that 
the third component comprises water and at least one amino 
acid. 

21. An apparatus for sterilising a heat sensitive fluid, 
characterised by: 

a first vessel enclosing a first component, which is heat 
sensitive, and a second vessel for enclosing a second component 
of said heat sensitive fluid; . 

a first heating device (6) for heating the second compo- 
nent to a first temperature higher than a. sterilising tempera- 
ture; 

a mixing device (8) for mixing the first component with 
the second component to thereby heat the first component and 
cool the second component, whereby the mixed components obtain 
a mixing temperature, which is at least equal to said sterilis- 
ing temperature; 

a residence device (9, 10) for maintaining said mixed 
components at said sterilising temperature during a sterilisa- 
tion time so that a sterilisation effect is obtained; and 

a delivery device (20) for delivering said mixed component 
to a recipient. 
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22. An apparatus as claimed in claim 21, characterised by 
a control device (16, 19) for controlling zhe heating 
device to obtain a mixing temperature, which is at least equal 
to said sterilising temperature. 
5 2 3. An apparatus as claimed in claim 21 or 22, character- 

ised by 

a cooling device (13) for cooling said mixed components 
before delivery to the recipient. 

24. An apparatus as claimed in claim 21, 22 or 23, charac- 
10 terised in that said first heat sensitive component comprises 

glucose or a glucose polymer. 

25. An apparatus as claimed in any one of claims 21 - 24, 
characterised in that said second less heat sensitive component 
comprises water. 

15 26. An apparatus as claimed in claim 25, characterised in 

that said second less heat sensitive component comprises water 
and includes electrolytes, selected from the group or sub- 
stances comprising: sodium chloride, calcium chloride, magne- 
sium chloride, potassium chloride, sodium bicarbonate and 

20 sodium lactate. 

27. An apparatus as claimed in any one of claims 21 - 26, 
characterised by a preheating device (22) for preheating said 
first component. 

28. An apparatus as claimed in any one of claims 21-27, 
25 characterised by a pressurising device (5, 7, 20) for maintain- 
ing said first and second components at a high pressure suffi- 
cient to prevent boiling of the fluids. 

29. An apparatus as claimed in any one of claims 21-28, 
characterised in that said first and second components are 

30 flows of fluid. 

30. An apparatus as claimed in claim 2 9, characterised in 
that the flow rate of the second component is larger than the 
flow rate of the first fluid flow component. 

31. An apparatus as claimed in claim 29 or 30, character- 
35 ised by a weighing device or a flow meter for determining the 

flow rate and pump devices for increasing the pressure . 



WO 00/57928 



36 



PCT/SE00/00614 



32. An apparatus as claimed in any one of claims 29 - 31; 
characterised by a device for sequentially sterilising several 
fluid components of a complex fluid. 

33. An apparatus as claimed in claim 32 , characterised by 
an assembly of bags (105, 106, 107) of concentrate fluids 

for providing sources of concentrated fluid components and pure 
water from an inlet (101); 

a concentrate pump (129) for pumping a first concentrated 
fluid from said sources of concentrated fluids, to increase the 
pressure thereof; 

a water pump (117) for pumping pure water to increase the 
pressure thereof and a heating device (121) for heating said 
pure water to said first temperature; 

a mixing device (124) for mixing said first concentrate 
and heated pure water and a residence device (134) for main- 
taining the mixed fluids at a sterilising temperature for a 
sterilising time to effect sterilisation; 

delivery means (139) for delivering said sterilised and 
diluted concentrate fluid to a recipient, such as a bag; 

control means (111) for controlling and repeating the 
above steps for each of the concentrated fluid components, to 
provide the final complex fluid in the recipient. 

34. An apparatus as claimed in claim 33, characterised by 
a preheater (121) for preheating said concentrated fluid before 
being mixed with the heated water. 

35. An apparatus as claimed in claim 34, characterised by 
a heat exchanger (121) for heat recovery from the sterilised 
fluid, which is cooled thereby. 

36. An apparatus as claimed in claim 35, characterised by 
a heat exchanger for preheating said second fluid by heat 
recovery from the sterilised fluid, which is thereby cooled, 
and a heater (123) for further heating to said first tempera- 
ture . 

37. An apparatus as claimed in claim 33, characterised in 
that said heater (123) is adapted to be controlled by a tem- 
perature sensor (136) positioned downstream of the residence 
device (134), to ensure that at least sterilising . temperature 
is obtained. 
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33. Ah apparatus as claimed in any one of claims 21-37, 
characterised in that at least one of said first and second 
vessel comprises at least one powdered substance for dissolu- 
tion in wa-er to form at least one of the first and second 
components. 

39. An apparatus as claimed in any one of claims 21 - 38, 
characterised by a third vessel comprising a third component, 
which is heat sensitive. 

40. An apparatus as claimed in claims 39, characterised in 
that the third component comprises water and at least one amino 
acid. 
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